Introduction
Fatigue is one of the most common non-motor manifestations in patients with Parkinson's disease (PD) [1] - [4] . Fatigue is multifactorial and has been set as a general sense of tiredness or difficulties in starting an activity on the physical or mental sector experienced by an individual during many days or weeks [5] . Nearly 58% of patients with PD present fatigue [2] [6], with higher incidence in advanced stages of PD [7] . Fatigue is linked with serotonergic dysfunction in basal ganglia and limbic circuits [8] [9] , and in thalamus, additional cortical and striatal regions [10] . The exacerbated fatigue may lead the patient to have difficulties in starting and/or completing activities related to carrying weight, manual work, running, walking [4] [5] , higher risk of falls [11] and deficits of attention and action planning [4] [5] , worsening the quality of life of individuals with PD [12] .
Patients with PD have shown higher levels of fatigue than neurologically healthy individuals [13] . Lou and colleagues [4] characterized fatigue in patients with PD, which showed higher levels of fatigue in patients with PD in all dimensions (general, physical and mental fatigue, reduced motivation and activity). Physical activity is an important therapy for PD, increasing dopamine [14] [15] and serotonergic levels [16] [17] , which, consequently, may improve the exacerbated physical fatigue. However, only two previous studies [18] [19] considered the effects of physical activity levels on fatigue in individuals with PD so far, which showed contradictory findings. Hoff and colleagues [18] did not find association between physical activity levels and fatigue. On the other hand, Elber and colleagues [19] verified an inverse relationship between perception of fatigue and dynamic physical activity in patients with PD. Therefore, the previous studies [18] [19] did not consider a group of neurologically healthy individuals (control group) for comparison, having an incomplete understanding of effects of physical activity levels on fatigue in individuals with PD.
In order to elucidate this lack in literature, the aim of this study was: 1) to compare perception of fatigue between individuals with PD and neurologically healthy individuals (control group), considering physical activity levels; 2) to verify the association between physical activity levels and fatigue dimensions in individuals with PD and control group. The hypothesis of this study is that individuals with PD present higher perception of fatigue than control group. Besides, it expected that physical activity levels are an intervening factor, where physically active individuals presented lower perception of fatigue than physically inactive individuals, causing interaction between physical activity levels and group. Finally, it was expected that physical activity levels have inverse relationship with fatigue dimensions for both groups.
Materials and Methods

Participants
One hundred and five individuals participated on this study. But, according to the level of physical activity and exclusion criteria, only 80 individuals were selected. Within these participants, 40 were patients with idiopathic PD (PD group) that were recruited from database of a Program of Physical Activity for patients with Parkinson's Disease (PROPARKI-UNESP at Rio Claro), and 40 were neurologically healthy individuals (control group) recruited from the community. In order to confirm diagnosis, patients were evaluated by a neuropsychiatric based on the defined UK Brain Bank Criteria [20] . For each group, selected participants were distributed into physically active (n = 20) and physically inactive (n = 20) subjects according to their levels of physical activity.
The exclusion criteria of this study were: 1) for both groups: cognitive impairment which could interfere in the interpretation of the questions of the questionnaire; 2) for patients with PD: diagnosis over stage 3 in the Hoehn and Yahr Scale (H&Y) [21] [22] , inconclusive diagnosis of PD and/or Secondary Parkinsonism Syndrome and/or medication intake.
Experimental Design
Each participant was informed about the procedures and aims of this study, and all individuals signed the con-sent term, approved by Ethical Committee local (Protocol #3083).
Participants of this study were evaluated by a neuropsychiatric in order to verify if they met exclusion criteria. Afterwards, the neuropsychiatric verified the stage of PD through H&Y scale, disease severity through Unified Parkinson's Disease Rating Scale (UPDRS) [23] , and cognitive condition through Mini Mental State Examination (MMSE) [24] .
Determination of Levels of Physical Activity and Perception of Fatigue
Physical activity levels of each participant were defined by Modified Baecke Questionnaire for Older Adults [25] . This questionnaire evaluates the physical activity levels considering household activities, sports, and leisure time activities. Sports and leisure time activities are calculated through timing intensity, frequency of hours a week and number of months in the previous year according to the table suggested by Bink, Bonjer and Van Der Sluys [26] . The sum of scores from each section reveals the total score of the questionnaire, taking into account that high scores mean high physical activity level. To join the physically active group, independently of presence or not of PD, participant should present scores higher than five in the questionnaire and, for the physically inactive group, the participant should present scores less than four [27] and not having practiced regular and systematized physical activity in the last 3 months.
With the purpose of verifying the perception of fatigue, it was used Multidimensional Fatigue Inventory (MFI) [28] . This questionnaire allows us to measure the perception of fatigue in different populations and has being very used for individuals with PD [29] . MFI measures the subjective perception of fatigue, independently, on general fatigue, physical fatigue, reduced motivation, mental fatigue, and reduced activity dimensions. There are four statements for each dimension, and each one of them presents scores in Lickert scale corresponding from 1 (without fatigue) to 5 (highly fatigued). Therefore, higher scores in the questionnaire mean higher subjective perception of the individual (20-lowest fatigue perception, and 100-highest fatigue perception).
Data Analysis
The dependent variables of interest were statistically analyzed on SPSS 18.0 for Windows ® (p ≤ 0.05). Firstly, a descriptive statistical analysis was made for data analysis of normality and homogeneity, through Shapiro-Wilk and Levene tests, respectively. In order to compare physically active and physically inactive individuals with PD for the specific variables of PD (UPDRS, H&Y scale and MMSE), it was applied ANOVA one-way with factor for levels of physical activity. In order to compare fatigue dimensions between PD and control groups, we used two-way MANOVA, with factor for group and physical activity levels. In order to verify the association between physical activity levels and fatigue dimensions for each group we used the Pearson correlation coefficient.
Results
For age, there was no difference between the groups (PD and Control) and subgroups (active and inactive). For the score of Beacke questionnaire, ANOVA showed that active PD and Control subjects were different than inactive individuals of both of groups. For clinical variables, physically active group and physically inactive group showed no differences ( Table 1) .
With respect to the evaluated dimensions through MFI, MANOVA presented group effect (Wilks Lambda = 0.60; F 3.76 = 5.00; p < 0.001), but no effect for physical activity levels (Wilks Lambda = 0.90; For both control and PD group, Pearson correlation analysis did not show association between scores of Baecke questionnaire and perception of fatigue, either independently on dimensions and MFI total value (Table 2).
Discussion
The hypothesis of this study was partially confirmed by our findings. Patients with PD showed higher subjective perception of fatigue for all dimensions evaluated by MFI when compared to neurologically healthy elderly. However, there was no effect of physical activity levels on perception of fatigue. Unexpectedly, the results did not show main effect of physical activity levels, group and physical activity levels interaction and correlation between physical active levels and fatigue dimensions. This finding seems to indicate that although the importance of the physical active levels, the perception of fatigue does not appears to be sensitive for physical activity. This will be discussed in details at the next paragraphs. PD causes in higher sense of fatigue. Patients with PD reported higher perception of fatigue, which agrees with literature [4] [13]. This may be explained by the fact that perception of fatigue is related to involvement in the basal ganglia and limbic structures [8] [9], thalamus, striatum and additional cortical region [10] , precisely on regions, which are damaged in patients. Thus, PD seems to be an intervenient factor in all fatigue dimensions. Patients presented exacerbated fatigue on general fatigue, physical fatigue, reduced motivation, mental fatigue, and reduced activity dimensions. Regarding physical fatigue dimension, fatigue has been related to functionality, influencing movement speed [30] and increasing risk of falls [11] . On the other hand, the highest values for patients on mental fatigue dimension may be related to problems as depression, reduced motivation, sleeping disorders [4] and decrease on cognitive functions, bringing up losses for actions planning [4] [5] . In this same context, regardless of whether physical or mental characteristic, this screen of fatigue causes great impact on quality of life [6] [12] .
Physical activity levels were not an intervenient factor on perception of fatigue. This affirmative corroborates with Hoff and colleagues findings [18] and opposes Elbers and colleagues [19] findings, whose work says that besides finding inverse relationship between physical activity and fatigue, this relation was weak (R 2 = 20%). This contrary finding may be explained by two factors: 1) different method used to measure physical activity levels-Elber and colleagues [19] and Hoff and colleagues [18] used physical activity monitors, with difference related to the way of monitoring, 8 hours and 6 days, respectively. However, this study used Baecke questionnaire, which despite to be a common tool often used, it is a subjective analysis, and, specifically in this case, with a difficulty in accurately monitoring physical activity frequency; 2) differences in samples characteristicsthe present study did not include patient on stage 4 of H&Y scale, whereas among patients evaluated by Elbers and colleagues [19] , 12% were on stage 4. This characteristic might have been a differential factor among studies, and, therefore, may have directly influenced on differences among results obtained by Elber and colleagues [19] and results evidenced in the present work and in the study of Hoff and colleagues [18] . In addition, the use of a physical activity monitor for a period (6 days) seems to present similarity with Baecke questionnaire, that even subjectively, quantifies physical activity practice in the previous year, representing a bigger routine of frequent physical activity practice of evaluated participants.
There was no interaction between physical activity levels and perception of fatigue for both groups. Thus, physical activity levels did not modify perception of fatigue, either in patients with mild-to-moderate PD and in neurologically healthy elderly. This indicates that aging can result in bigger effect on perception of fatigue than physical activity levels on these populations. Therefore, factors related to senescence and others, which were not focus of analysis for this study as depression and anxiety symptoms, may lead to strong effect of aging hiding the effect of physical activity levels. Relating to PD, depression and anxiety factors [1] , such as serotonergic dysfunction [10] and sleeping disorders [11] have been associated to perception of fatigue. Despite corroborating with Hoff and colleagues [18] findings, the presence of a control group in this study opposes to the findings of authors when trying to explain why there was no relation between physical activity levels and perception of fatigue. Authors justify why there was no effect of physical activity levels on fatigue by explaining that it may be caused due to factors as PD severity and medication intake. The absence of effects of physical activity levels, also for control groups, blocks factors associated only to characteristics of PD. Regardless of that, the matter that there was no relation between levels of physical activity and fatigue perception eliminates a factor that could interact on fatigue treatment in patients with mild-to-moderate PD.
Despite important results, limitations related to Baecke questionnaire and MFI are evidenced in the present study. Although Baecke questionnaire is capable of differentiating physically active from physically inactive groups and to have easy access and use, it has some limitations as no quantification of activities involving the work in non-domestic environment. Elderly population has shown a current tendency to be active in work environment, which may oppose to effects of aging and disease, presenting functional and cognitive maintenance, which can represent gains in neuroplasticity [31] . Related to MFI, difficulty of interpreting questions, due to questions similarities that compound dimensions (general fatigue, physical fatigue, reduced motivation, mental fatigue, and reduced activity) from the questionnaire, may have been a discomfort factor for participants.
Conclusion
From the results, we can conclude that patients with PD present a more pronounced perception of fatigue on general fatigue, reduced motivation, physical fatigue and mental fatigue dimensions, when compared to neurologically healthy individuals. Besides, physical activity levels did not show effect on perception of fatigue in patients with PD and neurologically healthy individuals.
